T he goal of this study was to propose a new method to detect added sugar in maple syrup (1) (2) (3) (4) (5) (6) . This method is based on the fact that ethanol fermented from maple syrup exhibits a deuterium concentration at the methyl site that is significantly different from that in ethanol fermented from beet, cane, and/or corn sugar (7, 8) . The addition of beet sugar, cane sugar, or corn syrup modifies the deuterium concentration at the methyl site of the alcohol fermented from the adulterated syrup (9) (10) (11) .
In this method, the site-specific deuterium content, (D/H) I (methyl site) and (D/H) II (methylene site), of ethanol obtained by the fermentation of the maple syrup is determined by nuclear magnetic resonance spectroscopy. Detection of the added sugar in maple syrup is a topic of interest for the maple syrup industry and consumers. Isotopic methods have demonstrated their efficiency.
These isotopic methods, including the current site-specific natural isotope fractionation-nuclear magnetic resonance (SNIF-NMR ® ) method, have been successfully applied to the detection of added sugar in fruit juice or in wine must. The SNIF-NMR method is already an Official AOAC Method, 995.17 (1) , for the detection of added beet sugar in fruit juice. It is also used as an official method (3, 4 ,6) for the detection of enrichment of wine musts by beet sugar.
Collaborative Study
Twelve laboratories agreed to participate in this study. All laboratories participated for $1 year (4 sessions) in the Food Isotopic Techniques (FIT) Proficiency Testing Scheme that evaluates the capabilities of each participant to perform isotopic analysis, including SNIF-NMR analysis. Every laboratory produced good results in this Proficiency Testing Scheme.
A description of the test samples used in the collaborative study is given in Table 1 . A 100 g portion of each of the 14 test samples was provided to each participant.
Four sources of sugars were used for this collaborative study: pure maple syrup from Vermont (Material A), pure maple syrup from Quebec (Material B), crystallized beet sugar (Material C), and cane sugar (Material D). The authenticity of Materials A and B was ensured by our supplier (University of Vermont) and by an SNIF-NMR analysis and a 13 C stable carbon isotope ratio analysis of each material.
The following raw materials were sampled in the indicated quantities: A, 17 kg (Brix about 55E); B, 13 kg (Brix about 55E); C, 3 kg (pure); D, 2 kg (pure); and demineralized water (W), 4 kg (pure). Each of these materials was perfectly homogenized.
The homogeneity of each batch of samples was checked by measuring the degrees Brix of 10 of the 50 test samples prepared for each batch pair. The standard deviation of these 10 measurements was compared with the repeatability of the Brix measurements to validate the homogeneity of the batch.
Preparation and Homogenization of Test Samples
Various weights of A, B, C, D, and W were poured into 7 clean containers labeled with batch numbers and large enough to contain 5 kg maple syrup ( Table 2 ). The weights were accurate to within ± 0.5 g. Extreme care was taken to completely dissolve the added sugars (C and D) in these mixtures. To optimize the solubility of the added sugars, the water (W) was warmed to approximately 40°C, and then each of the sugars was dissolved. The sugar syrup was then poured into maple syrup A or B as indicated in Table 2 .
For each pair of batches listed in Table 2 , 2 sets of 25 samples of 100 mL were prepared and labeled by batch number.
Verification of Homogeneity
Five test samples were selected from each set of 25 test samples labeled 1 to 14. The % of sugar added is the % (mass/mass) of added beet or cane sugar in the total sugar content of the maple syrup product after the sugar has been added (i.e., if the concentration of sugars in material A is "s" g/L before any addition, samples 9 and 10 are prepared by adding "a" g sugar for each liter of syrup A used so that "0. (Applicable to beet or cane sugar and to invert sugar added to maple syrup, but not to blends of beet and cane sugars.)
See Tables 2000.19A -C for the results of the interlaboratory study supporting acceptance of the method.
A. Principle
The deuterium isotopic parameters, ([D/H] I and [D/H] II ), are determined by nuclear magnetic resonance spectroscopy in the ethanol distilled from maple syrup fermented under specific conditions.
The repartition of deuterium within the different sites of an organic molecule may deviate strongly from a statistical distribution. This behavior is generally informative about the botanical origin, the biosynthesis pathway, and sometimes the geographical origin of the molecule. Ethanol produced by fermentation constitutes a probe for characterizing precursor sugars that can be used for detection of maple syrup adulterated by the addition of beet, cane, or invert sugar.
The deuterium contained in the sugars is redistributed after fermentation in molecules I, II, III, and IV of the fermented  juice as follows: I, CH 2 D-CH 2 -OH; II, CH 3 -CHD-OH; III,  CH 3 -CH 2 -OD; Performance characteristics: The distillation system used must extract $96% of the ethanol present in fermented products of 3-20% alcoholic content, and the alcoholic content of the distillate must be $90% (w/w) to guarantee that the isotopic fractionation of the distillate is <0.2% for * (h) NMR instrument.-NMR spectrometer fitted with specific "deuterium" probe tuned to characteristic frequency n 0 of field B 0 (e.g., for B 0 = 9.4T, n 0 = 61.4 MHz) with proton decoupling channel (B 2 ) and field-frequency stabilization channel (lock) at fluorine frequency (for example, Bruker AM, AMX, or ARX 300, 400, or 500 MHz instrument, or equivalent); automatic sample changer (optional); appropriate data-processing software (Eurospec-Wineauto, or equivalent); and 10 mm diam. high-precision NMR sample tubes.
Performance characteristics: The resolution measured on the spectrum, transformed without exponential multiplication (i.e., LB = 0) and expressed by half-width of methyl and methylene signals of ethanol and methyl signal of N,N-tetramethylurea (TMU) internal standard, must be <0.5 Hz; sensitivity, measured with an exponential multiplying factor (LB = 2), must be $150 for methyl signal of ethanol of alcoholic strength 95% (v/v) (93.5%, w/w). Under these conditions, the confidence interval for measurement of signal height, calculated for 97.5% probability (1-sided test) and 10 repetitions of spectrum, must be #0.35%.
Note that (a), (c), (d), and (f) may be replaced by any appropriate system (gas chromatography, pycnometer, etc.) for alcoholic content measurement and by liquid chromatography for sugar content determination. The alcoholic content of fermented juice (3-12% alcohol, w/w) must be measured with absolute precision of 0.05% alcohol (w/w), and the alcoholic content of the distillate (90-96%, w/w) must be measured with absolute precision of 0.1% alcohol (w/w). showing an adulterated "market sample" A, the rectangle defined by the cutoff points used to detect suspect samples, and the 95% confidence ellipse for authentic maple syrup samples from a given origin (in this case, Vermont). Sample A was found to contain $41% added beet sugar. The cutoff point interpretation is based on a set of upper and lower limits both for (D/H)I and the * 13 ing water (e.g., demineralized tap water) to obtain final volume of 0.6 L, or slightly more, and ca 12% soluble solids in diluted product. The dilution to exactly 12% soluble solids is recommended for optimal fermentation speed. Add 3 g dry yeast and homogenize.
C. Reagents and Reference Standards

D. Preparation and Isolation of Alcohol
Notes: (1) Retain 50 mL portion of tap water used for dilution for determination of its deuterium ratio. If this (D/H) ratio cannot be measured internally, send 50 mL tap water to Eurofins Scientific Analytics (Rue Pierre Adolphe Bobierre-BP42301, 44323 Nantes Cedex 3, France, Tel.: +33-2-5183-2100, Fax: +33-2-5183-2111). (2) Dilution and fermentation can be performed and monitored under optimal control with the Euroferm system, or equivalent. (3) The alcoholic content of the fermented product can be determined by other methods (pycnometer, gas chromatography, etc.). The recommended method widely used for wines is steam distillation followed by densitometric measurement of the distillate which uses 200 mL volume for distillation. With fermented maple syrups, the volume of test portion available for the whole analysis is generally not sufficient to allow the use of 200 mL for the determination of alcoholic content; therefore, smaller volumes must be used. For instance, if 20 mL fermented product is pipetted for steam distillation and diluted to ca 200 mL by addition of distilled water, the distillate col- lected by steam distillation is 200 mL. This results in a 10-fold dilution of the alcoholic content, which is still acceptable for the precision and accuracy expected (e.g., Paar DMA 58, Anton-Paar, Graz, Austria). Under these conditions, absolute uncertainty for a 5% alcoholic solution is ± 0.05%, which is sufficient for the purpose of the method. Collect boiling liquid between 78 and 78.2°C, with constant reflux ratio of ca 0.9 (i.e., ca 20-30 mL). When temperature exceeds 78.5°C, discontinue collection for 5 min.
When temperature returns to 78°C, again start collecting distillate until 78.5°C is reached, and repeat this operation un- The yield of extraction should be ≥96%; otherwise isotope ratios of the ethanol in the distillate are modified because of significant isotopic fractionation during distillation.
The whole distillation process can be performed automatically by using the computerized A.D.C.S.8 distillation system, or equivalent.
Note: The conditions of high yield and alcoholic content are strictly required to keep the isotopic fractionation, because of incomplete distribution, below 0.2 mg/g. In the case of some products that produce a low yield of extraction because of a small volume available or that have a low alcoholic content, the isotope ratios measured on the ethanol can be corrected for the low yield of extraction. Parameters are defined in footnotes c-i, Table 10 .
(d) Preparation of alcohol sample for NMR measurement.-For spectrometer fitted with 10 mm diameter NMR probe, place 1.3 mL internal standard (TMU) in previously weighed bottle, and weigh to nearest 0.1 mg (m st ); collect 3.2 mL alcohol obtained from distillation step, and weigh to nearest 0.1 mg (mA). Add 150 µL C 6 F 6 as field-frequency stabilization substance (lock), and homogenize by shaking.
Perform all weighing operations with great care, at least in duplicate, and record all weights of preparation flasks and masses of products introduced into preparation flasks. The PREPSAMP high-precision, computerized preparation device, or equivalent, may be used for precise preparation.
E. Determination of Isotope Parameters
(a) Standardization of spectrometer and checks.-Perform customary standardization for homogeneity and sensitivity according to manufacturer's specifications.
Use sealed standard tubes, C(e). Check validity of standardization by following procedure described below for recording deuterium NMR spectra and for expressing results; determine isotope values of these alcohols, denoting them C meas , V meas , and B meas [see E(b) and F].
Compare results with corresponding standard values provided by the IRMM.
The standard deviation obtained for an average of 10 repetitions of each spectrum must be <0.01 for the ratio R and <0. (b) Recording of deuterium NMR spectra of ethanol.-Place alcohol prepared as above in 10 mm tube and introduce it into probe. The conditions for obtaining NMR spectra are: constant probe temperature (e.g., 29EC); acquisition time of $6.8 s for 1200 Hz spectral width (16 K memory; i.e., ca 20 mg/g at 61.4 MHz or 27 mg/g at 46.1 MHz); 90°pulse; delay time before acquisition must be the same as dwell time; quadrature detection, set offset O1 between OD and CHD signals of ethanol; and value of decoupling offset O2, determined from proton spectrum obtained through decoupling coil on same tube. Good decoupling is achieved when O2 is set to the middle of the frequency interval existing between the CH 3 and CH 2 groups. Use broad band decoupling mode or composite decoupling mode for complete decoupling from proton.
For each spectrum, conduct number of scans per spectrum (N s ) sufficient to obtain signal-to-noise ratio as specified in The use of peak height instead of peak area is less precise and assumes that peak widths at half height are identical; this is a reasonable approximation.
For each isotope parameter, calculate average of 10 determinations and confidence interval.
Optional software (e.g., Wineauto In practice, this calculation leads to a significant underestimation of the amount of added sugar, especially when a mixture of C 4 and C 3 sugars has been used. In the latter case, a bivariate statistical calculation at the desired confidence level gives a more accurate measurement of the amount of added sugar. When the value corresponding to the raw material to which sugar was added is known, this value must be used in place of ((D/H) I ) min to give a better evaluation of % added sugar.
F. Interpretation
Interpretation is based on the Isotopic Adulteration Triangle (Figure 2000.19) . Because of the nature of isotopic chemistry, both * To take the uncertainty from the natural variability of the reference group as well as the uncertainty of measurement into account, the mathematics becomes too complex for analytical resolution. In this case, apply a Monte Carlo approach to calculate the proportion of the blend for a randomly selected test sample in each reference group (pure maple syrup, pure cane sugar, pure beet sugar). Then a basic statistical analysis of the different calculated compositions will give an average composition as well as an uncertainty for each parameter of the composition. If the purpose is to determine if a product belongs to the authentic maple syrup group, a basic statistical analysis of the pure maple syrup reference group will give a 95% confidence interval for both isotopic parameters, * 13 C and (D/H) I , outside of which the product cannot be considered authentic (see Figure 2000.19) .
It appears from the graph that the cutoff points proposed provide a very conservative estimate of the amount of added sugar (especially in the case of blends of cane and beet sugars).
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Results and Discussion
Only minor comments were received from the collaborators for this study because the method is well known and had been studied by the same group of laboratories in its application to fruit juice concentrates.
Homogeneity of Samples
The data for the homogeneity of the samples are shown in Table 3 . The standard deviations of the results for each batch pair were compared with the repeatability and reproducibility of the degrees Brix indicated in the IFU method: r = 0.16 degrees Brix and R = 0.45 degrees Brix. We cannot expect the variability to be smaller than the repeatability. In this case, 0.184 is only 15% larger than 0.16. Therefore, the samples were considered homogeneous and were distributed to the participants of this study. 
Normalized Results
The normalized results (14, 15) for (D/H) I , (D/H) II , and R are shown in Tables 7-9 .
Repeatability and Reproducibility of Results
The repeatability and reproducibility (16) 
Interpretation of Results
The repeatability and reproducibility calculated in this study are in good agreement with the results obtained for fruit juice concentrates (AOAC Official Method 995.17): r avg. = 0.632 and R avg. = 0.978. The graph in Figure 1 
Recommendation
On the basis of the results of this study, the Study Director recommends that the SNIF-NMR method be adopted Official First Action for the detection of added beet or cane sugar in maple syrup.
